The Poly(ADP-ribose) polymerase-1-regulated endonuclease DNAS1L3 is required for etoposide-induced internucleosomal DNA fragmentation and increases etoposide cytotoxicity in transfected osteosarcoma cells.
The cytotoxic effect of the chemotherapeutic drug etoposide (VP-16) is thought to result from its ability to induce DNA damage and thereby to trigger apoptosis. Internucleosomal DNA fragmentation occurs late during apoptosis in many cell types. However, whereas human osteosarcoma cells undergo internucleosomal DNA fragmentation during staurosporine-induced apoptosis, they fail to do so in response to VP-16. Recently, we showed that these cells also do not express the poly(ADP-ribosyl)ation-regulated Ca(2+)- and Mg(2+)-dependent endonuclease DNAS1L3. The possibility that this deficiency underlies the failure of these cells to undergo internucleosomal DNA fragmentation in response to VP-16 was investigated. The proteolytic processing and consequent activation of procaspase-3, cleavage of the inhibitory subunit of DNA fragmentation factor, and the degradation of DNA into 50-kb fragments occurred similarly in osteosarcoma cells exposed to either staurosporine or VP-16. However, the additional processing of the 50-kb DNA fragments to oligonucleosomal fragments was not apparent in the VP-16-treated cells. Ectopic expression of DNAS1L3 conferred on osteosarcoma cells the ability to undergo VP-16-induced internucleosomal DNA fragmentation. Furthermore, expression of DNAS1L3 markedly potentiated the cytotoxic effect of VP-16 in these cells. Both DNAS1L3-mediated and staurosporine-induced internucleosomal DNA fragmentation were Ca(2+) dependent, but only the DNAS1L3-mediated DNA cleavage was blocked by expression of a caspase-3-resistant mutant of poly(ADP-ribose) polymerase-1. The present work results suggest a direct relation between the activity of a chemotherapeutic drug (VP-16) and a specific endonuclease (DNAS1L3). They also indicate that internucleosomal DNA fragmentation plays an active role in apoptosis and that the failure of cancer cells to undergo such DNA degradation may contribute to the development of resistance to chemotherapeutic drugs.